INTRODUCTION
The Pseudorabies Eradication Program Standards (US Department of Agriculture, 2003) define swine (Sus scrofa) in three categories: commercial, transitional, or feral. Commercial swine are those swine that are continuously managed and have adequate facilities and practices to prevent exposure to either transitional or feral swine. Transitional swine are those feral swine that are captive or swine that have reasonable opportunities to be exposed to feral swine. Feral or wild swine are those swine that are free ranging. Feral swine serve as a reservoir for disease agents that affect commercial and transitional swine, including pseudorabies virus (PRV) and Brucella suis. These pathogens have been detected in feral swine populations throughout their range in the United States (Nettles and Erickson, 1984; Corn et al., 1986; van der Leek et al., 1993) and feral swine populations have been shown to maintain PRV over time (Corn et al., 2004) . Feral swine may also play impor-tant roles in the epidemiology of other swine disease agents that affect commercial swine in the United States, including swine influenza (SIV), porcine circovirus 2 (PCV-2), and porcine respiratory and reproductive syndrome (PRRSV), as well as foreign animal diseases such as classical swine fever and foot-and-mouth disease. However, data are lacking on the prevalence of these agents in feral swine populations. Antibodies against SIV H1N1 were reported in 13/117 feral swine in Oklahoma (Saliki et al., 1998) , 15/20 feral swine in Kansas (Gipson et al., 1999) , 11/387 feral swine in Texas (Hall et al., 2008) , and in 4% of 78 European wild boar in Spain (Vicente et al., 2002) . Antibodies against SIV H3N2 were found in 64/387 feral swine in Texas, 5/94 in California, and 1/99 in Mississippi (Hall et al., 2008) . Porcine circovirus 2 was isolated from Eurasian wild boar raised in freerange conditions on pasture in western Canada during an outbreak of multisystemic disease (Ellis et al., 2003) . Antibodies against PRRSV were found in 2/117 feral swine in Oklahoma (Saliki et al., 1998) , 2/659 European wild boar in Germany (Oslage et al., 1994) , and in 33/ 909 European wild boar in France (Albina et al., 2000) . Additionally, Bonilauri et al. (2006) reported positive PCR results for PRRSV from a road-killed wild boar in Italy.
Risks for transmission of disease agents among commercial, transitional, and feral swine are not presently understood, and this greatly limits the ability to devise and evaluate prevention and control strategies. Disease agents may be transmitted at various interfaces, including direct contact (Hahn et al., 1997) , via contamination of food, water, or fomites (Pritchard et al., 2005) , and by aerosols (Gillespie and Hill, 1996; Albina, 1997) . The objectives of this study were 1) to identify feral swine populations in geographic association with areas of high density commercial swine production in North Carolina, 2) to identify feral swine populations in areas with an abundance of transitional swine premises in South Carolina, and 3) to determine if PRV, B. suis, SIV, PRRSV, and PCV-2 were present in feral swine associated with either high-density commercial swine production or transitional swine premises.
MATERIALS AND METHODS

Feral swine distribution
The Southeastern Cooperative Wildlife Disease Study (SCWDS) produced national feral swine distribution maps in 1982, 1988, and 2004 . These maps were prepared with the use of data provided by state wildlife management agencies in the United States. Each individual state provided data on the distribution of established feral swine populations in their respective state for the given year, and these data were then collated into a national map (SCWDS, 2004; Corn et al., 2005) .
Targeting feral swine associated with high-density commercial swine production in North Carolina
In 2003, SCWDS developed Geographic Information System (GIS) -based maps for prioritization of surveillance for PRV and B. suis in feral swine in Georgia. These maps identified counties where commercial swine occurred in Georgia at that time, and provided a ranking of counties based on the relative abundance of commercial swine (George et al., 2003) . Using the formula developed for Georgia, relative abundance maps for commercial swine were prepared for 28 states where feral swine were reported during 2004. Counties that reported large numbers of highoutput commercial swine farms ranked the highest. Eight of the 10 highest-ranked counties were in North Carolina (Corn et al., 2005) . To assess the risk of transmission of disease agents between commercial and feral swine we combined the North Carolina commercial swine relative abundance map with the 2004 North Carolina feral swine distribution map. The North Carolina map combines relative abundance rankings for commercial swine for every county within the distribution of feral swine from 2004 ( Fig. 1) .
The commercial swine relative abundance/ feral swine distribution map for North Carolina was used to select counties for surveys for selected disease agents in feral swine. With the use of this map we determined the 15 counties with the highest ranks for commercial swine abundance that also included reports of populations of feral swine (in order of most number of farms to least: Duplin, Sampson, Bladen, Wayne, Pender, Columbus, Johnston, Onslow, Pitt, Edgecombe, Craven, Brunswick, Bertie, Beaufort, and Anson). According to the census data these 15 counties included 1,388 farms that produced 7,228,969 commercial swine during 2002 (USDA, 2002) . During the 2006-2007 trapping season we conducted surveys in Duplin, Johnston, and Wayne counties. These counties were selected because they ranked high in our relative abundance calculations for high densities of commercial swine farms and had relatively large, viable, and accessible feral swine populations. Census data for these three counties documented a combined presence of 583 farms that produced 2,920,451 commercial swine (USDA, 2002) in an area of 5,624 sq km for an average of 0.1 swine farms/ sq km and 519.3 domestic swine/sq km.
Targeting feral swine associated with transitional swine production in South Carolina
Counties with large numbers of low-output farms were considered to be counties where transitional swine premises might be common. A map of potential transitional swine premises in South Carolina was developed with the use of a combination of county-level inventory and swine farm data from the 2002 Census of Agriculture (USDA, 2002) , additional field observations, and data collected from livestock sales and other sources. Confirmation of the status of these premises was via observations at the premises and objective determinations as to the potential for direct contact between feral and transitional swine at each premises. We investigated 593 potential transitional swine farms in South Carolina and classified 306 farms as active transitional swine farms. These data were combined in the GIS and used to map the distribution of transitional swine premises in South Carolina (Fig. 2) .
To assess the association of transitional and feral swine we combined the South Carolina transitional swine map with the 2004 South Carolina feral swine distribution map (Fig. 2) . Based on a clustering of transitional swine farms near the Congaree and Wateree river drainages, and the relatively large geographic distribution of feral swine in this area, we selected the Congaree and Wateree river drainages, including the Congaree National Park, as the survey site for feral swine in South Carolina. These river drainages are located in Calhoun, Richland, and Sumter counties. In these three counties we identified 122 potential transitional swine farms; 70 of these showed evidence of active transitional swine farms during this survey. Census data documented that these three counties included 75 farms that produced 7,286 domestic swine (USDA, 2002) in an area of 4,781 sq km for an average of 0.02 swine farms/sq km and 1.5 domestic swine/sq km. to September 2006. Feral swine were trapped with walk-in drop door traps, including 1.332 31-m box-style traps and 63632-m corraltype traps. All traps were baited with soured corn and used a root stick to trigger the door. We also collected samples via night hunting on private properties that had large bait piles for wildlife or agricultural fields that were being damaged by feral swine. Some of the properties in North Carolina, particularly in Wayne and Duplin counties, had commercial swine operations on site. At two of these sites we found evidence of rooting/foraging and successfully trapped feral swine within 100 m of the commercial swine facilities. All trapping sites in South Carolina were located within 5 km of the large cluster of transitional swine farms identified in the transitional swine mapping project (Fig. 2) .
During the trapping seasons of 2006 and 2007 we collected samples from 120 feral swine in North Carolina and 50 feral swine in South Carolina (Table 1) . Field necropsies were conducted on all feral swine collected. Whole blood was harvested directly from the heart. Serum (5 ml) was collected from the whole blood by centrifugation and frozen on dry ice in the field until being stored in a freezer at 220 C. Sera from South Carolina were tested for B. suis at the Athens Diagnostic Laboratory (Athens, Georgia, USA) with the card test ,and positives were confirmed by the Georgia State-Federal Brucellosis Laboratory (Atlanta, Georgia, USA) via the brucellosis card test, buffered acidified plate antigen (BAPA) test, and the rivanol test. Sera from North Carolina were tested for B. suis at the Rollins Animal Disease Diagnostic Laboratory (RADDL; Raleigh, North Carolina, USA) with the BAPA test. All other serologic tests were conducted at the RADDL. Samples were evaluated for PRV by latex agglutination with the use of the PRV gp1 Antibody Test Kit (IDEXX Laboratories, Inc., Westbrook, Maine, USA). Samples were evaluated for PCV-2 via ELISA with the use of the SERELISA PCV2 Ab Mono Blocking Kit (Synbiotics Europe, Lyon, France). Samples were evaluated for PRRSV via ELISA with the use of the PRRSV Antibody Test Kit (IDEXX Laboratories.). Samples were evaluated for four types of swine influenza (human-like H1N1, reassortant type H1N1, H1N2-like H1N1 and H3N2) via hemagglutination inhibition (HI). and H3N2, A/Sw/NC/24277-2005. This procedure uses receptor-destroying enzyme treatment of swine sera for testing to assure specificity of antibody detection (Yoon et al., 2004) .
RESULTS
Feral swine associated with high-density commercial swine production in North Carolina
Antibodies to PRV and B. suis were not detected in sera from any of the 120 samples collected in North Carolina (Table 1). However, one animal was antibody positive for PRRSV (1/120, 0.8%), and 86/ 120 (71.7%; 80 positives plus six suspects close to the positive range) were seropositive for PCV-2. Of the 119 feral swine tested for SIV, 108 (90.7%) tested seropositive for at least one of the four subtypes. Fifty-two (43.7%) feral swine were seropositive for only one subtype, 52 (43.7%) were seropositive for two subtypes, and four (3.4%) were seropositive for three subtypes (Table 1) .
Feral swine associated with transitional swine in South Carolina
Sera from 10/50 (20.0%) feral swine were positive for antibodies against PRV and 7/50 (14.0%) were confirmed seropositive for B. suis by the State-Federal Brucellosis Laboratory in Atlanta, Georgia, USA. One additional feral swine was declared suspect for B. suis by the Athens Diagnostic Laboratory; however, there was insufficient serum for further testing. Sera from 29/49 (59.2%) feral swine were positive for antibodies against PCV-2 and sera from six additional animals were suspicious. Evidence of exposure to PRRS and SIV was not found in any of 49 samples tested from South Carolina (Table 1).
DISCUSSION
The feral swine populations included in our surveys in North Carolina and South Carolina differed in their associations with commercial swine and transitional swine and in the evidence we documented of previous exposure to SIV, PRV, and B. suis. The presence of SIV (human-like H1N1, reassortant type H1N1, H1N2-like H1N1 and H3N2) in feral swine in the North Carolina populations versus their absence in the South Carolina population may simply be a result of these viruses being present in the North Carolina populations; however, it may also be related to the geographical association of these feral swine in North Carolina with areas of high-density commercial swine production. H1N2-like H1N1 and humanlike H1N1 are the dominant H1N1 subtypes in domestic swine in North Carolina (Klimov, pers. comm.) and H3N2 viruses are found in domestic swine throughout the United States (Webby et al., 2000) . Swine influenza viruses can be transmitted via direct contact and droplets (Easterday, 1986) , and so may be spread from commercial swine to feral swine in the vicinity of the commercial swine barns via the ventilation systems of the barns. Subsequent spread among feral swine could occur where feral swine density allowed for a sufficient contact rate. In contrast, the presence of PRV and B. suis in the South Carolina population may have been related to the association of these feral swine with transitional swine, and/or the length of time this population had been established in the area. Biosecurity at commercial swine farms precludes direct contact between feral and commercial swine, which would eliminate the potential for spread of sexually transmitted diseases. Biosecurity at transitional swine premises is limited or nonexistent and direct contact is possible. Furthermore, feral swine surveyed in North Carolina were from recently established populations reported in the 2004 survey of the distribution of feral swine in the United States (Corn et al., 1995; SCWDS, 2004) , but not present in these counties in North Carolina in 1988 (SCWDS, 2004; Corn et al., 2005) . Feral swine surveyed in South Carolina were from older populations that had been reported in the 1984 feral swine distribution survey (SCWDS, 2004; Corn et al., 2005) .
The absence of evidence of PRV and B. suis in the feral swine populations in North Carolina probably is a result of these isolated and recently established feral swine populations having been established from feral or domestic swine not infected with either of these disease agents. Without an initial or subsequent introduction of either agent into the population, and with no recent domestic source of these agents, these populations have remained free of both PRV and B. suis. In contrast, the population in South Carolina was established prior to the eradication programs for PRV and B. suis; thus earlier generations of feral swine in this area could have become infected via an original introduction of infected feral swine, through subsequent introductions of infected feral swine, and/or through contact with infected transitional swine. These older populations of feral swine in South Carolina would have had more opportunities for exposure to PRV and B. suis as they were present before eradication procedures for these diseases reduced their incidence in domestic swine.
Porcine circovirus 2 and PRRSV are common in commercial swine in North Carolina (Erickson, unpubl. data), but although animals seropositive for PCV-2 were prevalent in feral swine in all of our survey areas, only one animal was seropositive for PRRSV. Close contact may be the primary route of transmission for PRRSV (Albina, 1997) but various routes for transmission have been suggested, including vaccination, semen, airborne transmission, contaminated equipment, contaminated environment, feces, urine, visitors, and vectors (Albina, 1997; Mortensen et al., 2002) . Studies on the subject have been contradictory; Wills et al. (1997) found that transmission by direct contact was more efficient than transmission across a space of up to 102 cm (Wills et al. 1997), and Hermann et al. (2005) reported a median infectious dose (ID 50 ) of 10 5.3 median tissue culture infective doses (TCID 50 ) for oral exposure but of 10 4.3 TCID 50 for intranasal exposure. In contrast, others have suggested airborne spread (Mortensen et al., 2002; Kristensen et al., 2004) and Cho et al. (2007) demonstrated a difference in rates of airborne transmission with the use of different PRRSV isolates. Data on transmission of PCV-2 are lacking, but PCV-2 probably is spread via the oronasal route, and horizontal transmission is efficient (Segalé s et al., 2005) . The low prevalence of feral swine with antibodies against PRRS may be due to a difficulty in transmission of the virus from commercial to feral swine. However, the high prevalence of feral swine testing seropositive for PCV-2 may indicate efficient transmission, either from commercial and transitional swine to feral swine or efficient transmission within feral populations. Additional data on transmission risks are needed to understand these associations.
Feral swine are abundant in the southeastern United States, Texas, and California, have become more widely distributed in the United States in recent years, and these increases in distribution have resulted in increased risks for transmission of disease agents between feral swine and commercial and transitional swine (Corn et al., 2005) . Furthermore, the association of feral swine with commercial and transitional swine also presents a risk for transmission of foreign animal diseases. If SIV is spread from commercial swine to feral swine via airborne droplets, and airborne spread of SIV is used as a model for airborne spread of foot-and-mouth (FMD) disease, our surveys suggest a substantial risk for airborne spread of FMD from commercial swine to feral swine. Additional epidemiologic studies are needed to understand the risk of transmission of disease agents among commercial, transitional, and feral swine; the role of feral swine as reservoirs of these disease agents; and the mechanisms by which disease agents are transmitted among feral, commercial, and transitional swine.
